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INTRODUCTION
Since the first records of beer production by mankind, many changes have been made that resulted in the modern beer-brewing process and many beer styles have developed over time (Lodolo et al. 2008 ). An alternative attitude and approach to brewing of flexibility, adaptability, experimentation and customer service, is represented by microbreweries. Micro or craft breweries have adopted a different marketing strategy than large, mass-market breweries, offering products that compete on the basis of quality and diversity, instead of low price and advertising. Despite all the changes, brewing yeast is always the main character in beer brewing (Lodolo et al. 2008) . The impact of yeasts on the production and quality of beer is intimately linked to their viability and fermentation activities from the first pitching throughout the subsequent cycles of fermentation. Brewing is in fact unique within alcoholic beverage industry in that the yeast is not discarded after use but is maintained and reused a number of times (Powell et al. 2003) . The physiological state of the inoculum coupled with the conditions established at pitch influence subsequent patterns of growth. Predicting the capacity of pitching yeast towards its subsequent fermentation performance is of key importance ( Guido et al. 2004 ). In particular, inoculating worts with the correct number of yeast cells at the appropriate viability state is critical for consistent fermentation performance (Cahill et al. 1999). While yeasts cell number is routinely determined, yeast viability is a key parameter that should be measured more frequently. Furthermore, as yeast progresses through the brewing cycle of storage, pitching, fermentation, cropping and storage, it is subject to a number of stresses, thus, viability tests can be used not only to achieve a desired pitching rate but also to constantly check the quality of yeast that could affect subsequent fermentation performance. In fact, a key feature of any good brewhouse is reproducibility. Consumers will appreciate some variation in the beer in the interest of presumed authenticity but will not tolerate a taste too far from the one he likes and he has chosen a particular brand for. Whether the pitching yeast is brand new or derived from a previous fermentation, yeasts viability has been proven to play a key role in maintaining the reproducibility between different batches (Cahill et al. 1999, Boyd et al. 2002) . Beer quality is strongly influenced by the biochemical performance of yeast during fermentation. Rate and efficiency of sugars utilization and ethanol yield, and consequently the character of the final product, can be affected by many factors, among which the yeast viability (Gibson et al. 2007 ). Cell viability is usually defined as the ability of a cell to reproduce and to form colony. It is conventionally measured using the laborious and time consuming culturing methods which are too slow to be of practical use. Moreover, colony counting does not reliably reports on the metabolic capacity of slow-growing or non dividing cells missing out the physiological processes other than those involved in cell division that can be of considerable practical importance (Millard et al. 1997). Other that being the ability of cells to grow, reproduce and interact with their immediate environment (Smart et al. 1999), viability is therefore ultimately linked to vitality, that is a measure of activity (D'Amore 1992), fermentation performance (Boulton 1991) and the capacity of recover from physiological stress (Smart 1996). Aim of this study was to monitor yeast viability by means of Live/Dead Yeast Viability staining during different stages of different artisanal beer productions and to correlate it with fermentation dynamics in order to increase process standardization and to maintain the quality of final product.
MATERIAL AND METHODS

Brewing
The samples analyzed in this study were obtained from different batches of VIAEMILIA, an artisanal pilsner beer produced in Roncole Verdi in the province of Parma (Italy). VIAEMILIA is brewed using only barley malts, water, hops (according to German purity law Reinheitsgebot of 1516) and yeast.
Wort production
Wort production took place in the brewhouse and started with mashing operations. Mashing method of VIAEMILIA followed the multi-step infusion system, which consists in mixing water with milled malts (mash-in) and heat the mash at different steps: 20 minutes at 52°C, 20 minutes at 66°C and 25 minutes at 72°C. After mashing, unhopped wort was separated from the undissolved solids, the spent grains or draff. Infusion mashing was carried out for 20 minutes in the mash tun. Then wort (liquid) was withdrawn from the mash and filtered through the bed of grist particles. When bright the wort was moved directly to a copper to be boiled with hops for 100 minutes. After boiling hop fragments were separated in a whirlpool tank . After cooling at 11,5 °C wort was aerated to provide oxygen for the yeast at initial stages of fermentation and transferred to fermentation tank where yeast pitching took place.
The production of an artisanal beer, made by brewers using traditional practices on a small scale, is founded on the empirical adjustment of parameters, including yeasts handling and serial repitching. The aim of this study was to monitor yeast viability during different stages of artisanal beer productions through the Live/Dead Yeast viability staining and to correlate it with fermentation dynamics in order to increase process standardization and to maintain the quality of final products. Yeast viability and fermentation activities were evaluated during seven fermentation cycles of an artisanal pilsner beer. Yeast inoculated with higher viability performed generally better in fermentation, resulting in faster sugar consumption, faster ethanol production and stability. Handling yeast and serial repitching based on Live/Dead viability measurements, could be the key way to ensure reliable manufacture of high quality beer and to improve process standardization particularly for microbreweries, where variability of production can be a challenging point.
Fermentation
Fermentations were led in cycles. For the first cycle a pure culture (W-34/70, purchased from UBERTI SRL, Venice, Italy) was used in dry form (trial a), while for each of next cycles yeast collected from the bottom of fermenter at the end of fermentation, was repitched into the following batch of wort. According to production needs, repitching was done either the same day (trails b, d, g) or after yeast storage up to three days at 4 °C (trials c, e, f). Primary fermentation was lead at 11,5 °C to a final gravity of 2,5 °P (1010 g/L), then green beer was racked to maturation tank where was slowly cooled to 2,5 °C and held at this temperature for three weeks. During the lagering dried hop cones were added to the beer to obtain a further extraction of the finest and more volatile aromas from hops. After dry hopping, mature beer (three weeks) was artificially carbonated and packed. VIAEMILIA was brewed with either single batch or double batch fermentation. Single batch brewing is a classical pils brewing while double batch brewing consists in the addition of fresh wort to beer in fermentation (at 23 hours).
Sampling
Seven fermentation cycles were monitored. Samples were obtained at 0, 16, 40, 64, 88, 112, 136 and 160 hours from single batch fermentations (a, b, e), and at 0, 16, 21, 24, 40, 64, 88, 112, 136 and 160 hours from double batch fermentations (c, d, f, g). Time 0 is referred to inoculum before pitching. One more sample was collected after the top up (23 hours) for fermentation activities analysis.
Yeast viability
Aliquots of 1 ml of each sample were centrifuged for 5 min at 10000 rpm, in order to separate cells from wort. Yeast viability has been determined by using the Live/Dead Yeast viability kit (MOLECULAR PROBES, Eugene, Oregon). This kit contains a two-colour fluorescent probe for yeast viability, FUN® 1, which exploits normal endogenous biochemical processing mechanisms that appear to be well conserved among different species of yeast and other fungi (Millard et al. 1997). After collection, cells were washed in sterile Millipore water and resuspended in 0.50 mL of sterile GH (2% glucose in 10mM Na-Hepes pH 7.2) 2.0 μL of 10 mM FUN-1 stock was added to each microcentrifuge tube and the cells were vortexed. Cells were then allowed to incubate with agitation at 30°C for 30 min. Cells were then spun down and washed twice in sterile Millipore water. Stained yeast cells were examined under a Nikon Eclipse 80 i epifluorescence microscope (NIKON, Tokyo, Japan) equipped with a C-SHG1 100 W mercury lamp. Nikon filter set B2A FITC was used for FUN1® (excitation wavelength, 450-490 nm; emission wavelength, 500-520 nm). Nikon filter set G-2E/Cwas used for FUN1® converted (excitation wavelength, 540/25 nm; emission wavelength, 605/55 nm). At least 10 fields with approximately 20 cells in each were counted for each sample at a magnification of ×100. For each field, fluorescent cells were counted and the resulting values were averaged. To express counts as cells/ml, the average values were multiplied by 5.21×10 8 , a dilution factor to account for the coverslip area (400 mm 2 ), the area of each field (0.003072 mm 2 ), the volume of the sample deposited onto the slide (10 μl), and the sample dilution. Nis Elements software (version 2.10 NIKON, Tokyo, Japan) was used for image analysis and cell counts. The software allowed separated images of yeasts cells with or without CIVS to be superimposed.
Fermentation activities
Fermentation activities were monitored determining sugars consumption and ethanol production. Maltose and Glucose consumption were assayed with Maltose/Sucrose/D-Glucose UV-method and D-Glucose UV method (BOEHRINGER MANNHEIM, R-BIOPHARM, Darmstadt, Germany), respectively. Ethanol production was determined with Ethanol UV-method (BOEHRINGER MANNHEIM, R-BIOPHARM, Darmstadt, Germany). After centrifugation and appropriate dilution, samples were analyzed according to manufacturer instructions. Glucose, maltose and ethanol amount are measured by means of their light absorbance at 340 nm. Analyses were performed in triplicate and results, as mean values, were expressed as g/L, according to the general equation for calculating the concentrations provided on the kit technical sheet. 8 to 10 9 cell/ml for each batch of fermentation. Yeast viability was found to be variable according to the selected empirical parameters of brewing. Viability was low at the beginning of the first fermentation, when dry inoculum had been used (trial a), confirming that the culture must revert to its fully functional state and adapt to its new environment before it could perform efficiently (Finn and Stewart, 2002). Adaptation of cells to brewing conditions resulted in higher viability, well maintained during all the batch of fermentation. The subsequent cycles yeast viability has been affected by yeast handling before re-pitching. Viability rate was higher when yeast was directly reused after the previous fermentation end (trials b, d, g), while an increased number of damaged cells was found when yeast slurry was stored at 4°C after cropping (Fig 1 trial c, e, f) . Typically, the yeast cropped from the fermentation vessel to be used for serial repitching is the centre-top portion, theoretically comprising middle-aged and virgin cells that have been suggested to represent the most active portion of the pitch population in terms of rapid growth and yeast biomass production (Ginovart et al. 2011) . These results are in agreement also with Cahill et al. (1999) who affirmed that during prolonged storage, the quality of the yeast deteriorates and the percentage of viability decreases accordingly. As observed in previous works (Guido et al. 2004 ), yeast showed to be able to recover its viability throughout fermentation. However, viability has a greater importance in the earlier phases of fermentation, when the fermentative capacity is not due to the yeast growth or multiplication, but instead to the intense metabolic activity and, thus, to the viability of the pitched yeast (Guido et al. 2004) . The initial conditions of the seed yeast cells influence not only population growth, but also the rate of nutrient uptake and ethanol production (Ginovart et al. 2011). It is known that, during fermentation, the yeast sugar up-take follows the route of simplest sugars like glucose first, followed in increasing order of complexity by disaccharides (maltose) and trisaccharides (maltotriose) Sugar and ethanol fluctuations at 21-40 hours in double batch brewed samples, were expected as a consequence of fresh wort addition to beer in fermentation, resulting in higher amount of available sugars and in ethanol dilution. For the single batch brewed trials, when the viable cells percentage in the inoculum was higher than 50%, (Fig 2 trials b, e) we observed a faster sugar consumption: e.g. 40 hours for glucose and 88 hours for maltose consumption in trial b versus 64 and 136 hours respectively in trial a. Faster sugar consumption and the resultant gradual ethanol production, led to a 24 hour shorter production process (Fig 2  trials b, e) . This is in agreement with Ginovart et al. (2011) who demonstrated that enhanced glucose consumption rate and ethanol productivity in specific characteristics of the initial yeast cells, implied higher fermentation capability, which is beneficial for industrial ethanol fermentation. For the double batch brewed trials, a higher percentage of viable cells (Fig 2 trials d) in the inoculum corresponded to a greater consumption of sugars before the top up and to a faster reaching of ethanol production and yield stability. However, although the most of pitched cells were viable, sugars up-take in trials f and g was lower than in trials d (Fig 2) , as a probable consequence of the approaching of serial repitching termination. In agreement with Powell et al. Beer is hard to spoil and has a remarkable microbiological stability because it is an unfavourable medium for many microorganisms. This is due to the presence of ethanol, hop bitter compounds, the high content of carbondioxide, the low pH, the extremely reduced content of oxygen and the presence of only traces of nutritive substances such as glucose, maltose and maltotriose. In fact, these latter carbon sources are usually almost completely metabolized by yeast during a fast and correct fermentation (Sakamoto et al. 2003) . If the carbon sources are not completely depleted, they remain available for spoilage microorganisms, like lactic acid bacteria, that could develop more easily.
RESULTS AND DISCUSSION
Dynamics
CONCLUSION
Despite brewing parameters in an artisanal brewery are often bound to empirical factors such as fermenter availability and consumer demand, brewer should keep on chasing reproducibility and process standardization in order to guarantee a constant high quality of the final product. To this aim, serial repitching, whereby yeast cropped at the end of fermentation is reused in subsequent fermentations, is a process worth of study (Ginovart et al. 2011) . The response to the numerous stresses to which the yeast is exposed, from fermentation of wort and through handling between fermentations, is crucial for beer production but also for maintaining the fermentation fitness of yeast for subsequent fermentations (Gibson et al. 2007 ). Live/Dead Yeast viability staining gives in short time accurate results on the viability state of the yeast to be pitched. Studying yeast viability and fermentation performance expressed as sugar up-take and ethanol production, here we provided evidence to suggest that yeast viability could be the key way to improve process standardization particularly for microbreweries, where variability of production can be high. Periodical evaluation of this parameter, could be the starting point for an effecting yeast management program, with the ultimate goal of the production of more consistent and higher quality beer.
